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INTRODUCTION 

This final report  covers the design, fabrication, and installation 

of two ( 2 )  PCM-FM, PAM/FM/FM Simulator Systems under Contract NAS 

8-11589. 

Quality and Reliability Assurance Laboratory Specification No. 104. 

The systems were designed to  meet the requirements  of MSFC 

HISTORY O F  THE CONTRACT 

The contract to design and fabricate the f i r s t  simulator sys tem 

was awarded to  Computer Control Company on June 3 0 ,  1964. Work on the 

contract commenced immediately with delivery scheduled for 30 September 

1964. 

the design and fabrication phase of the program. 

the f i r s t  simulator was made on 3 0  October 1964. 

Changes to the contract involving additions to the sys t em extended 

Subsequently, shipment of 

The first system was delivered to the Quality and Reliability 

Assurance Laboratory of the Marshall Space Flight Center and installed 

there  by Computer Control Company personnel. 

t r ips  t o  MSFC during November and December of 1964, the simulator was 

In the course  of a se r i e s  of 

installed,  denons t ra ted  to MSFC engineering per sonnei, and accepted by 

them for NASA. Electromagnetic compatibility ( R F I )  t e s t s  were  a l so  made 

a t  this t ime in a tes t  chamber at  the Quality and Reliability Assurance Lab- 

ora tory ,  and a training course in the operation and maintenance of the simula- 

tor  was conducted for MSFC engineering personnel. 

A modification to the contract resulted in fabrication of a second 

s imulator  system. In- 

stallation and demonstration of the system was conducted at the Quality and 

Reliability Assurance Laboratory, MSFC. 

This system was shipped to  MSFC on 10 May 1965. 

DESCRIPTION O F  SYSTEMS DELIVERED 

Both simulator systems delivered to  MSFC were virtually identical. 

Except for  minor modifications made in the calibration simulation logic of 

the second system, the overall  operational and physical charac te r i s t ics  re -  

mained the same.  
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Photographs of the simulator a r e  shown in  Figures  1 and 2. The 

simulator is housed in a cabinet approximately 40 inches high, 23 inches 

wide, and 24 inches deep. Components of the system were  built a s  sub- 

assemblies  and mounted in the cabinet for integration and final checkout. 

Figures  1 and 2 show that the subassembly located a t  the bottom of the 

cabinet is a high-speed magnetic core memory.  

is a spli t-drawer assembly which contains all the logic modules to  generate 

the output simulator patterns. 

control panel used to  operate the simulator. 

sys tem is located at the top of the cabinet. 

Directly above the memory  

Above the logic module drawer is a sys tem 

The power supply for the 

The simulator sys tem provides data t ra ins  which simulate pulse- 

coded (PCM) and pulse-amplitude (PAM) modulation. 

simulator is provided by a five-channel tape reader  in the form of a s e r i e s  

of numbers ,  in BCD form,  ranging from 000 to  500. The simulator decodes 

these inputs, scales  them between 000 and 999 and provides PCM and PAM 

outputs. 

channel, 3 0  channels per f r ame ,  3 0  f r ames  per mas ter  frame. P rope r  sync 

patterns a r e  included in the P C M  output. 

s e r i e s  of analog voltage levels,  with sync patterns a t  the end of each frame.  

The input to the 

The PCM output consists of 10-bit binary words,  2 words per 

The PA-M cutput consists 0f.a 

Special controls a r e  included t o  vary the PAM pedestal and full 

scale  levels.  

t ion patterns to  replace the standard data patterns of the PAM and PCM 

t ra ins .  

mit simulation of varying degrees of random noise levels on the output data 

t ra ins .  

Also, a calibration mode is available to  allow special  cal ibra-  

A digital noise generator is  designed into the simulator logic to p e r -  

A block diagram of the simulator is shown in Figure 3 .  Although 

the block diagram is self-explanatory in many respects ,  a detailed descr ip-  

tion of each a r e a  may be found in the Operations and Maintenance Manual 

fo r  the Simulator System, Computer Control Company Document No. 71-274. 

Three  copies of this manual were delivered to MSFC with each Simulator 

System. 



SUMMARY O F  RESULTS 

The purpose of the program was to  produce an inexpensive, self-  

contained, stored program, tes t  pattern generator to  enable automatic and 

speedy calibration of vehicle telemetry sys tems and associated ground 

equipment. These resu l t s  were achieved. The sys tems were  designed and 

built by using straightforward, well known, logic techniques and by em-  

ploying standard off-the-shelf digital logic modules a s  building blocks to 

assemble the various functional subsystems. 

develop any new design approaches o r  any new logic c i rcui t ry ,  Computer 

Control Company was able to  deliver, in minimum t ime , systems which a r e  

high in  reliability and low in complexity. 

Since it was not necessary  to  

The systems as delivered enabled MSFC engineering personnel t o  

per form vehicle checkout in a shorter t ime,  and replaced more  expensive 

and cumbersome calibration techniques. 
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Figure  1 .  PCM-FM; PAM-FM/FM Simulator 
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Figure 2 .  Simulator, Logic BLOCS 
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